Abstract: Mycobacterium abscessus complex (MABC) is an uncommon but increasingly important cause of invasive pulmonary disease, a condition associated with diagnostic and management challenges. MABC has mainly been reported in children with certain medical conditions, such as preexisting structural lung disorders and immunocompromised status. In this article, we describe a rare case of MABC pulmonary disease in an otherwise healthy infant. A 4-month-old female presented with cough and fever for 4 days. Computed tomography showed multiple masses and small nodules across both lungs. Isolated mycobacteria from her bronchoalveolar lavage fluid and gastric aspirate were identified as MABC by using matrix-assisted laser desorption ionization time-of-flight mass spectrometry and M. abscessus subsp. massiliense was ultimately identified by DNA sequence analysis. Prolonged treatment with a combination of azithromycin, cefoxitin, and moxifloxacin achieved a successful treatment outcome.
Introduction
Mycobacterium abscessus complex (MABC) is a group of rapidly growing nontuberculous mycobacteria (NTM) which form mature colonies on solid media within 7 days. 1 MABC organisms are ubiquitous in soil and water. They were first recognized as human pathogens in the 1950s, 2 with pulmonary MABC infection first recognized in 1993. Since then, the majority of pulmonary disease cases have been identified in older otherwise healthy adults with no history of cigarette smoking, but who possess underlying lung airway abnormalities. 3 The clinical presentation of MABC is indistinguishable from lung infection caused by other mycobacterial species. 4 Moreover, in countries such as China that have a high tuberculosis burden, diagnosis of NTM infection is also difficult due to likely misidentification of sputum smear NTM bacilli as M. tuberculosis. Both the complexity of molecular techniques used to identify MABC isolates and the lack of wellestablished antimicrobial treatment regimens have made diagnosis and management of MABC pulmonary disease particularly challenging for pediatricians. 1 Since pulmonary disease caused by MABC is rare in immunocompetent children lacking other lung pathology, 5 studies are needed to better describe pediatric MABC disease patient experiences and outcomes. Here we describe a case of pulmonary disease due to MABC infection in an otherwise healthy immunocompetent infant.
A 4-month-old female infant, born prematurely at 30 weeks and weighing 1,550 g, was hospitalized after 4 days of cough and fever. Her past history included a controlled premature birth by cesarean section due to placenta previa. She suffered from a brief period of mechanical ventilation and administration of exogenous surfactant after being born. After admitted, mild bilateral lung coarse rales were found on physical examination. Laboratory tests results showed a white blood cell count of 22.9×10 9 cells/L containing 58.2% neutrophils and a C-reactive protein concentration of 28 mg/L. Chest radiography exhibited patchy shadows localized to the right lung and lower left lung ( Figure 1A ). Subsequent computed tomography (CT) detected multiple masses and small nodules across both lungs with mediastinal lymph node involvement ( Figure 1B and C). The patient was then started on intravenous ceftriaxone. Bronchoscopy revealed minimal overlying airway secretions and airway patency extending from the upper respiratory tract to the lungs; 3-9 acid-fast bacilli organisms/100 high-power fields were found in bronchoalveolar lavage fluid (BALF) and gastric aspirate by Ziehi-Neelsen staining. Thus, the patient was suspected of harboring pulmonary tuberculosis infection and treated with isoniazid, rifampin, and pyrazinamide. Although both tuberculin skin test and interferon gamma (IFN-γ) release assays were negative, mycobacterial liquid cultures of bronchoalveolar lavage and gastric aspirate were positive at 118 and 86 hrs of culture, respectively. Isolated mycobacteria were identified (with a confidence level of 84%) as MABC using matrix-assisted laser desorption ionization time-of-flight mass spectrometry (Vitek MS system, bioMerieux, France), supporting a diagnosis of MABC pulmonary disease. Immunologic evaluation results, including serum immunoglobulin levels and flow cytometric lymphocyte phenotyping were as follows: After an additional 3 months of outpatient therapy, her chest CT remained unchanged and the patient exhibited recurrence of fever with wheezing. The white blood cell count was 17.6×10 9 cells/L, of which 47.4% were neutrophils, with a C-reactive protein concentration of 30 mg/L. Bronchoscopy revealed an excrescent obstruction of the subbranch of the right lower bronchi. Acid-fast staining microscopy and mycobacterial cultures of BALF and gastric aspirate were negative. The isolates that had been preserved during the first hospital stay were sent to the National Tuberculosis Clinical Laboratory of Beijing Chest Hospital for drug susceptibility testing (DST) and further strain identification. DST was carried out according to Clinical and Laboratory Standards Institute (CLSI) guidelines. Final tested drug concentrations were as follows: clarithromycin 0.0625-32 μg/mL, amikacin 0.5-256 μg/mL, moxifloxacin 0.0625-32 μg/mL, cefoxitin 0.5-256 μg/mL, linezolid 0.25-128 μg/mL, imipenem 0.25-128 μg/mL, meropenem 0.25-128 μg/mL, and doxycycline 0.0625-32 μg/mL. The minimum inhibitory concentration (MIC) of each drug was determined using the CLSI-recommended broth microdilution method performed in 96-well plates. DST demonstrated that isolates were susceptible to clarithromycin (MIC 0.25-0.5 μg/mL), amikacin (MIC 1-2 μg/mL), moxifloxacin (MIC 1 μg/mL), cefoxitin (MIC 4-8 μg/mL), and linezolid (MIC 1 μg/mL), with intermediate susceptibility to imipenem (MIC 8 μg/mL) and resistance to meropenem (MIC 64 μg/mL) and doxycycline (MIC >32 μg/mL). The isolates had no inducible resistance to clarithromycin, as they were susceptible to clarithromycin at both days 3 and 14.
DNA sequence analysis of the ribosomal gene internal transcribed spacer (ITS) and rpoB, and hsp65 genes was performed to identify the subspecies of causative agent. Bacterial DNA extracted using the boiling method was used as a template for PCR. PCR primer pairs were as follows: 5'-AAGTCGTAACAAGGTARCCG-3' and 5'-TCGCCAAGGCATCCACC-3' for the ribosomal gene ITS region, 5'-GGCAAGGTCACCCCGAAGGG-3' and 5'-AGCGGCTGCTGGGTGATCATC-3' for rpoB, and 5ʹ-ATCGCCAAGGAGATCGAGCT-3ʹ and 5ʹ-AAGGTG-CCGCGGATCTTGTT-3ʹ for hsp65. PCR products were purified and sequenced by TsingKe Biotech Corp. (Beijing, China). Species identification was accomplished using BLAST searching that ultimately identified patient isolates as M. abscessus subsp. massiliense (with sequence identity of 99%).
After consultation with physicians specializing in NTM disease from Beijing Chest Hospital, we treated the patient with intravenous cefoxitin (40 mg/kg q8 h), oral azithromycin (10 mg/kg/d), and moxifloxacin (10 mg/kg/d). After 3 months of treatment using this regimen, chest radiography revealed improvement, with white blood cell count (8. 
Discussion
MABC is the most important group of rapidly growing mycobacteria involved in pulmonary infections. Pediatric patients with chronic lung disease and immune defects are more susceptible than healthy individuals to pulmonary MABC infection. 7 Because MABC pulmonary disease is rare in immunocompetent children in the absence of lung pathology, only two MABC lung infection cases have been previously reported in healthy children. 8, 9 The first case involved a 6-month-old boy presenting with MABC pneumonia with no known prior history of medical illness. He was treated using long-term combined antibiotic therapy, and repeated attempts to culture organisms from BALF failed to confirm mycobacterial infection. Although he suffered additional episodes of bacterial pneumonia, no IFN-γ receptor deficiency was detected. The other case involved a 2-year-old boy who presented with wheezing. His chest CT and bronchoscopy showed a mass obstructing the right mainstem bronchus. He was treated with ciprofloxacin and clarithromycin followed by surgical resection. After 18 months of therapy, cultures were negative. To our knowledge, this current report is the first report in China of a case of MABC pulmonary disease in an immunocompetent infant lacking preexisting lung disease.
Clinical symptoms secondary to MABC infection in both adults and children include the following symptoms: fever, increased cough with sputum production or hemoptysis, and weight loss. 1 In addition to clinical symptoms, radiographic features consistent with NTM pulmonary disease are required for diagnosis. A high-resolution CT scan is more specific than traditional radiographic films for detection of nodules, cavitations, tree-in-bud patterns, focal consolidation and bronchiectasis, which are the most common findings in adult patients 1 bacterial species identification using biochemical assays and other conventional methods cannot reliably discriminate among MABC subspecies, in the past 10 years new DNA sequence-based technologies have been developed for this purpose. However, most pediatric referral center laboratories lack resources to perform sequence-based testing, thus requiring testing to be performed by national reference laboratories. 15 In this study, our patient met clinical, radiographic, and microbiologic criteria for diagnosis of NTM lung disease, as outlined by the American Thoracic Society (ATS). Patient isolates were further identified as M. abscessus subsp.
massiliense using sequence analysis targeting the ribosomal ITS region and rpoB and hsp65 genes. Rough and smooth colony MABC phenotypes can arise from a single parental strain to cause disease with different clinical outcomes. [16] [17] [18] The smooth variant "masks" underlying glycosylated lipoproteins involved in host immune recognition of bacilli by expressing glycopeptidolipid (GPL) on the outermost side of the cell wall to block bacteria-host lipid-based cellular interactions. By preventing MABC from being recognized by host innate immune surveillance mechanisms and promoting biofilm formation, GPL facilitates bronchiectatic colonization of lung airways. GPL then undergoes a spontaneous or temperature-induced loss of expression that results in 'unmasking' of bacilli to permit TLR2-based recognition by macrophages and airway epithelial cells followed by release of pro-inflammatory cytokines such as TNFα (from macrophages) and IL-8 (from respiratory tract epithelial cells). 16 In contrast to M. tuberculosis, this phagosomal escape mechanism is unrelated to ESX-1, since MABC lacks an ESX-1 homolog. 17 However, rough variants acquire a toxic phenotype characterized by growth of serpentine cells and macrophage apoptosis while they rapidly proliferate to perpetuate infection, a process similar to that employed by virulent M. tuberculosis.
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Disease due to MABC, a rarely detected pulmonary pathogen in the pediatric population, requires confirmation of virulence as a cause of disease after ruling out host immunodeficiency disorders via detailed immunological evaluation. Host defense against mycobacterial infection depends on both the ability of monocytes to produce interleukin (IL)-12 and the ability of activated T-cells to produce IFN-γ. 19 Therefore, disseminated NTM disease is a definite manifestation of infection in children with immune deficiencies, such as HIV infection or abnormalities in the IL-12/IFN-γ pathway. In our patient, immunoglobulin levels and lymphocyte subsets were basically normal and WES result showed no mutation in genes known to cause primary immunodeficiency disease, ruling out a definitive immune deficiency as the cause of her disease. To explain why this patient contracted NTM infection, two possible risk factors could be postulated as predisposing factors: premature delivery and a possible predisposition to MABC lung disease, although this patient has yet to be diagnosed with any subtle immune abnormality as a risk factor. An optimal therapeutic regimen and treatment duration for MABC lung disease have not yet been established. Because MABC is naturally resistant to conventional firstline antituberculous drugs, combination therapy using an oral macrolide and DST results-based parenteral administration of amikacin with cefoxitin, imipenem, or linezolid for weeks to months is a currently accepted practice. This treatment is then followed by oral antimicrobial therapy for at least 12 months after cultures remain negative. This regimen has been recommended by both the ATS/Infectious Diseases Society of America and numerous experts. 1 However, some MABC isolates are susceptible to linezolid or moxifloxacin, as shown in several studies of adults that demonstrate higher treatment response rates to combination antibiotic therapy for patients with M. abscessus subsp. massiliense lung disease than for those with M. abscessus subsp. abscessus lung disease. This observation is likely due to the presence of a functional ribosomal methyl transferase gene, erm(41), in M. abscessus subsp. abscessus, which results in inducible macrolide resistance, while M. abscessus subsp. massiliense possesses a nonfunctional erm(41) gene lacking inducible resistance. [20] [21] [22] When pediatricians decide to initiate long-term antibiotic treatment for MABC lung disease, they should select drugs based on prior experience or on in vitro DST results to carefully weigh treatment benefits against risks. For example, azithromycin has unique pharmacokinetic properties that permit administration of single daily dosages, as well as an intermittent treatment option, to better support patient compliance when compared to drugs such as clarithromycin. Moreover, azithromycin has been more effective than clarithromycin against M. abscessus subsp. massiliense in experimental models. 23 Although amikacin also exhibits adequate in vitro activity against MABC isolates, it was not used to treat our patient, due to risks of potential serious side effects. Such side effects include ototoxicity and nephrotoxicity, the former observed in a 4-year-old boy with MABC central nervous system infection who developed profound hearing loss at the end of the second month of amikacin treatment. 24 After DSTof isolates from our patient confirmed moxifloxacin susceptibility, this drug was orally administered. Meanwhile, cefoxitin and imipenem, two β-lactams currently recommended as accepted MABC treatment guidelines, represent a largely unstudied class of potentially useful antibiotics for MABC infection treatment. 25 Cefoxitin was selected according to DST results. Moreover, as compared to imipenem, cefoxitin showed superior pharmacokinetic parameters and narrower activity spectrum, which further justified cefoxitin more suitable for long-term treatment of this patient. 26 The patient in current study received oral cefprozil in combination with azithromycin during the continuation phase on the advice of NTM experts, with treatment resulting in further absorption of lung lesions. After our patient was confirmed to have infection with M. abscessus subsp. massiliense, she was treated with oral azithromycin for 13 months in combination with intravenous cefoxitin for 4 months, oral moxifloxacin for 9 months, and oral cefprozil for 4 months to achieve clinical recovery confirmed using chest imaging. No obvious adverse drug reactions, such as neutropenia, hepatotoxicity, tendinopathy, or ECG QT interval prolongation, were observed during treatment.
Conclusion
In this report, we suggest that MABC lung disease may occur in healthy infants in the absence of significant predisposition to lung disease. Due to the absence of innate immunity in infants, the prevalence of acquired mycobacterial drug resistance, and the lack of established therapeutic regimens, pediatric MABC lung disease treatment is challenging. Improvements in molecular techniques for identification of MABC subspecies and in DST are both needed to improve the curative rate. Here, prolonged treatment with a combination of azithromycin, cefoxitin, and moxifloxacin achieved a successful treatment outcome for an otherwise healthy infant with lung disease caused by M. abscessus subsp. massiliense.
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